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1  |  INTRODUC TION

The coronavirus disease 2019 (COVID-19) outbreak drastically 
changed our view of the world and forced us to adjust safety meas-
ures considering viral spread during clinical research. Here, the 

focus lays on dealing with the airborne transmission, for example, 
aerosol particles.1 Respiratory pathogens can remain in the air for 
3 h in a room without proper ventilation.2 To secure the safety of 
healthcare workers (HCWs) and patients, hospitals have installed 
air purifiers to reduce particle spread. A recent South Korean pilot 
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Abstract
Background: Aerosol spread is key to interpret the risk of viral contamination during 
clinical procedures such as esophageal high-resolution manometry (HRM). Installing 
an air purifier seems a legitimate strategy, but this has recently been questioned.
Methods: Patients undergoing an HRM procedure at the Leuven University Hospital 
were included in this clinical study. All subjects had to wear a surgical mask which 
was only lowered beneath the nose during the placement and removal of the na-
sogastric catheter. The number of aerosol particles was measured by a Lasair® II 
Particle Counter to obtain data about different particles sizes: 0.3; 0.5; 1.0; 3.0; 5.0; 
and 10.0 µm. Measurements were done immediately before the placement and the 
removal of the HRM catheter, and one and 5 min after. A portable air purifier with 
high-efficiency particle air filters was installed in the hospital room.
Key Results: Thirteen patients underwent a manometry examination. The amount of 
0.3 µm-sized particles was unaffected during the whole procedure. The larger particle 
sizes (1.0; 3.0; 5.0; and 10.0 µm) decreased when the catheter was positioned, but not 
0.5 µm. During the HRM measurements itself, these numbers decreased further. Yet, 
1 min after catheter removal a significant elevation of particles was seen, which did 
not recover within 5 min.
Conclusions & Interferences: Based on this study, there is no evidence that filtration 
systems reduce aerosol particles properly during a clinical investigation.
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study questioned the efficacy of these purifiers and even warned for 
several drawbacks.3 In a recent study, no increased risk or aerosol 
and droplet spread were observed when positioning and removing a 
nasogastric catheter, in the absence of an air purifier. In the current 
study, we evaluated the effect of an air purifier on aerosol spread 
during esophageal high-resolution manometry (HRM).

2  |  METHODS

This study protocol was approved by the Ethics Committee of the 
Leuven University Hospital, Belgium and performed in full accord-
ance with the declaration of Helsinki. The study is published in clini-
caltrials.gov with reference number NCT04687488.

Patients—with a negative COVID-19 reverse transcriptase-
polymerase chain reaction test during the preceding 36  h—
undergoing an esophageal HRM at the Leuven University Hospital 
were invited to participate. Patients were requested to wear a mask 
covering the mouth during nasogastric intubation and removal. The 
HRM measurements (between positioning and removal) take in gen-
eral 35 min to perform. The HRM was conducted with a 2.7 mm di-
ameter solid-state catheter (Unisensor, Attikon, Switzerland).

Aerosol quantification was performed using the Lasair® II par-
ticle Counter (Particle Measuring Systems, Inc., Unites States), and 
six sizing channels were measured: 0.3 µm, 0.5 µm, 1.0 µm, 3.0 µm, 
5.0 µm, and 10 µm. A tube connected to the particle counter was 
placed within 10 cm from the mouth of the patient and every mea-
surement was the result of 1-min counting. The particle counter was 
calibrated at the beginning of each motility session. Particles were 
measured at three time points for both positioning and removal: 
right before; 1 min after and 5 min after probe handling (Figure 1).

A portable air purifier (City M Air Purifier; Camfil, Sweden) with 
high-efficiency particulate air (HEPA) filters was installed on the 
floor and stayed active 24/7. The room has a surface of 20 m², which 
is within range for a proper functioning of the device. It was set up 
to move 56 cubic feet of air per minute.

2.1  |  Statistical analysis

Aerosol particle data (particles-per-cubic-meter) are presented as 
mean  ±  SD. SAS University Edition Software (SAS Institute, Cary, 
NC, USA) was used for all the analyses. Data were logarithmi-
cally transformed for repeated one-way ANOVA with stepdown 
Bonferonni adjustments for multiple testing. Significance was set at 
p < 0.05.

3  |  RESULTS

Log number of aerosol particles are presented in Figure 2. After the 
installation of the air purifier in the motility room, 13 patients under-
went an HRM examination.

3.1  |  Aerosol particles during catheter positioning

There was no significant difference in the number of small-sized par-
ticles (0.3 and 0.5 µm) before and after catheter positioning (p = 0.94 
and p  =  0.77, respectively). Five minutes after placement, values 
remained unchanged (p = 0.25 and p = 0.75, respectively). For the 
particles with sizes 1.0; 3.0; 5.0; and 10.0, the number of aerosol 
particles decreased 1  min after the placement (p  <  0.0001 for all 
comparisons) and stayed low until at least 5 min after (p = 0.0001; 
p < 0.0001; p < 0.0001; and p < 0.0001 in ascending particle size 
order).

3.2  |  Aerosol particles during HRM examination

The number of floating 0.3 µm and 0.5 µm particles did not change 
during the examination; however, the bigger-sized particles de-
creased in this 35  min period (p  =  0.51; p  =  0.70; p  =  0.0006, 
p = 0.0016, p = 0.0015; and p = 0.0048, in ascending order of par-
ticle size).

3.3  |  Aerosol particles during catheter removal

There was no additional 0.3  µm sized particle generation, 1  min 
after removal (p  =  0.13), which remained unchanged after 5  min 
(p = 0.13). The number of 0.5 µm sized particles was not significantly 
increased after 1 min (p = 0.06). After 5 min, the amount increased 
compared with the value before the removal (p = 0.002). The bigger 
particles 1.0; 3.0; 5.0; and 10.0 µm increased significantly within the 
first minute after removal (p = 0.0007; p < 0.0001; p = 0.0005; and 
p  =  0.0013 in ascending particle size order) and did not decrease 
again within 5 min (p = 0.34; p = 0.47; p = 0.66 and p = 0.82 in as-
cending particle size order).

The number of floating aerosol particles at the end of the ex-
periment (5 min after catheter removal) never reached significantly 

Key points

•	 The coronavirus and other respiratory pathogens spread 
via aerosol particles. These cause an increased risk for 
healthcare workers and patients in hospitals.

•	 Intubation and removal of nasogastric catheters do not 
increase the number of aerosol particles, without air 
purifier.

•	 The installation of an air purifier with HEPA filter is 
linked with increased aerosol measurements during 
catheter removal.

•	 The recommendations of the European Society for 
Neurogastroenterology and Motility should always be 
respected in this specific clinical setting.
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higher levels compared with the start of the examination (before 
placement of catheter). Actually, all bigger-sized particles were 
still significantly lower in number (p = 1.00; p = 1.00; p < 0.0001; 
p < 0.0001; p < 0.0001; and p = 0.0012 in ascending particle size 
order).

4  |  DISCUSSION

Since the COVID-19 outbreak, awareness for pathogen spread via 
aerosol has grown. All options to reduce the number of airborne 
particles are being explored, ranging from wearing mouth masks, 
limiting the number of people inside a room to optimization of 
room ventilation. In a dental clinical study, the use of an air puri-
fier showed a reduced exposure of airborne droplets and aerosol 
particles to HCWs when an air cleaner was placed in a suitable po-
sition.4 The U.S. Environmental Protection Agency also suggested 
that air purifiers can help reduce airborne contaminants via appro-
priate use.5 However, currently, the U.S. Centers for Disease Control 
and Prevention has not provided recommendations to use air puri-
fiers with HEPA filter for decontamination of airborne COVID-19. 
Furthermore, the use of air purifiers has been questioned as a pilot 
study observed increased local air flow when a test amount of aero-
sols and droplets were released near the exhaust outlets.3

In a recent study, we found that the placement and removal of 
an HRM catheter or a 24 h multichannel intraluminal impedance-pH 
monitoring probe, with a number of precautionary measures, do not 
increase the number of floating aerosol particles of any size, and 
only results in little droplet spread in the patient's environment.6 
This study was performed without the presence of a purifier in the 
room. Here, the efficiency of aerosol reduction by an air purifier was 
evaluated during an HRM examination.

During the placement of the catheter, there is no difference in 
aerosol particle levels with or without purifier. The 0.3 and 0.5 µm 
remained unchanged, and the heavier particles dropped in num-
bers. Without purifier, no increase in particles has been seen after 
catheter removal.6 After the device's installation, an elevation for 
particle sizes 0.5; 1.0; 3.0; 5.0; and 10.0 µm occurred after probe 
removal. The hospital safety measures oblige to keep the examina-
tion room doors open between visits and closed when the patient 
enters. With the HRM examination taking on average 35  min to 
be finished, enough time might pass by for the purifier to filter the 
number of particles. This is confirmed in our study for particles 
sizes 1.0; 3.0; 5.0; and 10.0 µm, but not for 0.3 and 0.5 µm. Such 
reduction during the examination had not been observed in our 
study without the purifier.6 We suggest two plausible explanations: 
1) lower numbers of particles right before catheter removal makes 
a small increase after more noticeable or 2) there is an actual in-
crease of particle spread by the presence of the purifier. In any 
case, the increased amount of particles does never reach signifi-
cantly higher levels compared with the moment the patient en-
tered the room.

Based on our observation, utilization of portable HEPA purifiers 
for COVID-19  should be considered with caution in a clinical set-
ting. These cannot be installed to convey a false feeling of safety, 
and other safety measures should be respected at all times. Further 
large-scale clinical trials to investigate this aspect are required.
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F I G U R E  1 Timeline of the esophageal 
HRM (high-resolution manometry) 
examination. Aerosol particles are 
measured at three time points for both 
the positioning and removal of the 
catheter: before, 1 min after, and 5 min 
after. The duration of the examination is in 
average 35 min

F I G U R E  2 The number of aerosol particles for different sizes 
(0.3; 0.5; 1.0; 3.0; 5.0; and 10.0 µm) during a complete esophageal 
HRM examination with air purifier (n = 13). Number of particles are 
presented in a logarithmic scale. Data are presented as mean±SD. 
Abbreviation: HRM, high-resolution manometry
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